King County proposes to build a new sewer outfall discharging to Puget Sound near Point Wells, Washington. At present, outfall construction is scheduled for 2008. The Point Wells site was selected to minimize effects on the nearshore marine environment, but unavoidable impacts to eelgrass (Zostera marina) beds are anticipated during construction. To mitigate these impacts and prepare for postconstruction restoration, King County began implementing a multiyear eelgrass monitoring and restoration program in 2004, with the primary goal of returning intertidal and shallow subtidal habitat and eelgrass to pre-construction conditions. Major program elements related to eelgrass are a) preconstruction monitoring, i. This report describes calendar year 2007 pre-construction activities conducted by Pacific Northwest National Laboratory (PNNL) for King County. Activities included continued propagation of eelgrass shoots at the PNNL Marine Sciences Laboratory (MSL) in Sequim, Washington, and monitoring of the experimental harvest plots in the marine outfall corridor area to evaluate recovery rates relative to harvest rates. In addition, 490 eelgrass shoots were also harvested from the Marine Outfall Corridor in July 2007 to supplement the plants in the propagation tank at the MSL, bringing the total number of shoots to 1464. Eelgrass densities were monitored in four of five experimental harvest plots established in the Marine Outfall Corridor. Changes in eelgrass density were evaluated in year-to-year comparisons with initial harvest rates.
This report describes calendar year 2007 pre-construction activities conducted by Pacific Northwest National Laboratory (PNNL) for King County. Activities included continued propagation of eelgrass shoots at the PNNL Marine Sciences Laboratory (MSL) in Sequim, Washington, and monitoring of the experimental harvest plots in the marine outfall corridor area to evaluate recovery rates relative to harvest rates. In addition, 490 eelgrass shoots were also harvested from the Marine Outfall Corridor in July 2007 to supplement the plants in the propagation tank at the MSL, bringing the total number of shoots to 1464. Eelgrass densities were monitored in four of five experimental harvest plots established in the Marine Outfall Corridor. Changes in eelgrass density were evaluated in year-to-year comparisons with initial harvest rates.
A net increase in eelgrass density from 2004 post-harvest to 2007 was observed in all plots, despite density decreases observed in 2006 in all plots and at most harvest rates. Eelgrass densities within individual subplots were highly variable from year to year, and the change in density in any interannual period was not related to initial 2004 harvest rate. Harvest rates of neighboring subplots did not appear to affect subplot eelgrass density (Woodruff et al. 2007 ). Three years post-harvest, eelgrass shoot densities were not significantly different from pre-harvest shoot densities at any harvest level.
Additional plans are being discussed with King County to harvest all eelgrass from the construction corridor and hold in the propagation tanks at the MSL for post-construction planting. Under this plan, plants that would have been lost to construction will be held offsite until construction is completed. This strategy reduces and possibly eliminates the need to harvest eelgrass from donor beds located south of the construction area, allowing them to remain undisturbed. However, if eelgrass is harvested from donor beds, the monitoring of eelgrass growth at different harvest rates should help determine an optimum harvest rate that supports rapid recovery of donor eelgrass beds. (Figure 1 ). An Eelgrass Donor Site has been identified as a contingency in the event the harvest and propagation effort described below fails to provide sufficient eelgrass for transplanting. The Outfall Study Area extends 210 feet both north and south of the outfall pipeline alignment centerline, between 0 ft mean lower low water (MLLW) and -25 ft MLLW, a zone in which eelgrass and associated macroalgae grow. Within the Outfall Study Area is the Marine Outfall Corridor, a narrow zone (20 ft wide) centered on the outfall pipeline alignment that includes 4 ft on either side of the 12-ft-wide sheeted trench.
In accordance with the restoration and monitoring plan, PNNL harvested just over 300 eelgrass shoots from the Marine Outfall Corridor in 2004 to begin offsite propagation of plants for post-construction restoration (Woodruff et al. 2006a ). This approach to restoration eliminates the need to remove plants from eelgrass meadows that would otherwise be undisturbed, while ensuring that the resident population is restored at the site. To help determine the optimum harvest range at which eelgrass will best recover, study plots were established within the Marine Outfall Corridor from which a designated percentage of eelgrass shoots were removed (i.e., 0%, 5%, 10%, 25%, 50%, and 100%). Documentation of 2005 and 2006 eelgrass propagation and monitoring activities, along with eelgrass recovery rates were reported in Woodruff et al. (2006b Woodruff et al. ( , 2007 . Eelgrass propagation activities and progress during 2007 are detailed in Section 2 of this report. Documentation of monitoring activities and eelgrass recovery rates are provided in Section 3. 
Eelgrass Stockpile and Propagation
As part of the eelgrass stockpile and propagation task, PNNL divers selectively and systematically harvested eelgrass shoots from the Marine Outfall Corridor using a "bare-root method" (Woodruff et al. 2006a ). The harvested shoots were transported to the PNNL Marine Sciences Laboratory (MSL) in Sequim, Washington, where they were planted in outdoor tanks containing medium-grained sand and supplied with continuously flowing ambient, unfiltered seawater. Several techniques are used to increase the eelgrass population in the tanks to supply the maximum number of plants for post-construction restoration planting, such as collection of flowering shoots to enhance natural deposition of seeds onto the bottom. Vegetative reproduction also occurs through natural growth of the rhizome and root system. Propagation of plants from the site eliminates the need to disturb a natural eelgrass bed for the purpose of transplanting to another location; it also ensures that the same genetic population is restored to the site.
Historic and Current Activities
Divers harvested 305 eelgrass shoots from the Marine Outfall Corridor in 2004 and another 1,500 shoots were harvested in 2006 (Woodruff et al. 2006a (Woodruff et al. , 2007 .
Stockpile and propagation activities that occurred in 2007 involved collection of an additional 490 shoots from the Marine Outfall Corridor by divers, and also maintenance and monitoring of eelgrass in the MSL propagation tanks. The stockpiled eelgrass population was not supplemented with flowering shoots this year from the proposed Marine Outfall Corridor, because very few flowering shoots were noted at the site during our July survey.
The total number of shoots currently held in the propagation tanks at the MSL is 1464, including the recently collected 490 shoots, which is a decrease from the 4732 shoots counted in the tanks last summer. 
Eelgrass Monitoring in Experimental Harvest Plots
A common uncertainty with many eelgrass restoration projects is the effect of removal of eelgrass from donor meadows. Harvest levels have typically been restricted to 10% or less of the total abundance to minimize effects; however, there are no published studies or quantitative data to support anecdotal observations that harvest has a small, short-term effect on eelgrass density. The Eelgrass Restoration and Biological Resources Implementation Workplan (King County 2006) detailed a pre-and post-harvest experimental monitoring plan to provide quantitative data on eelgrass recovery rates after shoot harvest.
As part of the experimental design, eelgrass shoot density was determined in semi 
Eelgrass Harvest Plot Design and Monitoring Methods
In 2004, eelgrass was harvested at different percentages from experimental plots, described in Woodruff et al. 2006a and summarized here. Five plots were established as semi-permanent 2-m 2 (1-x 2-m) rectangular plots, located in eelgrass patches inside the Marine Outfall Corridor. Each 2-m 2 plot was divided into eight 0.25-m 2 treatment subplots or cells. Each rectangular plot had 2 subplots of 100% harvest located on one end of the rectangle (to minimize potential effects of 100% harvest on adjacent cells), and two subplots of 0% harvest placed randomly within the six remaining cells. The four remaining subplots were randomly assigned to be 5%, 10%, 25%, or 50% harvest. The plot locations and experimental harvest percentages for each subplot are shown in Figure 2. 
Field Survey Methods
The 2007 eelgrass monitoring of the experimental harvest plots was conducted by PNNL's scientific dive team on July 19, 2007. Divers located markers associated with four of the five previously established plots and counted eelgrass shoots in each of these plots and subplots. Plot 4 markers could not be located. This plot is located at the shallow end of the construction corridor in the intertidal zone, at a depth of approximately -1 ft MLLW (Figure 2) . The survey stakes marking the shoreward end of the Marine Outfall Corridor could not be located either; hence plot 4 could not be relocated accurately for the 2007 survey. The divers qualitatively observed cobble substrate and sparse eelgrass in the vicinity of Plot 4. Shoot counts were recorded in all subplots of plots 1, 2, 3, and 5, and underwater photographs taken at each of these plots. Drift or unattached eelgrass and algae wrack, which had been noted at the deep end 
Data Analysis
Annual monitoring data for eelgrass density in the 2-m 2 experimental harvest plots (each containing eight 0.25-m 2 subplots) were compared with the 2004 data for post-harvest eelgrass density. The interannual differences between plots overall and within individual subplots were calculated. Statistical analyses were conducted to assess the effect of initial harvest rate on eelgrass abundance (expressed as proportion of change in density). These analyses were . Also in 2006, data were statistically analyzed to assess whether eelgrass density in an individual subplot was affected by the harvest rate in adjacent subplots ("neighbor effect") (Woodruff et al. 2007 ). Density within a subplot did not appear to be affected by the harvest rate of adjacent subplots; therefore, the "neighbor effect" was not analyzed in 2007.
Experimental Harvest Plot Monitoring Results
Figure 3 through Figure 6 are representative photographs of the vegetative cover and bottom substrate of each plot surveyed in 2007. Plots 1, 2, and 5 lie in the -5 to -10 ft MLLW depth range; Plot 3 is in the -1 to -5 ft MLLW depth range. Where present in a photograph, the white PVC frame covers 0.25 m 2 . All surveyed plots had sandy substrate. Substrate in the vicinity of Plot 4 (not surveyed in 2007), was reported to have coarser substrate (cobble, shell) than that of the deeper plots, which is consistent with previous surveys (Woodruff et al. 2006a (Woodruff et al. , 2006b (Woodruff et al. , 2007 . The primary focus of this study was to examine changes in eelgrass density relative to the rate of harvest. As noted earlier, harvest rates from eelgrass donor sites are typically kept to 10% or less to minimize effects on the donor meadow. The experimental harvest plot and subplot data were further analyzed to examine the interannual changes between subplots harvested at six different percentage levels: 0% (control), 5%, 10%, 25%, 50%, and 100% harvest. Mean pre-and post-harvest eelgrass densities by target harvest rate are provided in Figure 14 (data are tabulated in Appendix A, Table A-2). Although shoot densities had either declined or changed only slightly from 2005 to 2006, increases in shoot densities were observed from 2006 to 2007 at all harvest rates except 100% (no change in shoot density). The 2007 shoot densities were similar to 2005 densities at most harvest rates, with a notable increase in density observed at the 25% harvest rate. Since the 2004 harvest, a net decrease in density was observed where no eelgrass had been harvested, whereas net increases in density occurred at the intermediate harvest rates (Figure 14) . In subplots where 100% of eelgrass was harvested, eelgrass reestablished in the following year (2005) but density did not change significantly in subsequent years (2006, 2007) (Figure  14) .
The results presented in Figure 14 indicate that post-harvest eelgrass densities at every harvest rate were highly variable. Figure 15 shows that growth, expressed as the proportion of change in eelgrass density, in each monitoring interval was also variable. Proportion of change in eelgrass density was not significantly correlated with harvest rates in the 2005 Eelgrass densities within individual subplots were highly variable from year to year, and the change in density in any interannual period was not related to initial 2004 harvest rate. In addition, harvest rates of neighboring subplots did not appear to affect subplot eelgrass density (Woodruff et al. 2007 ).
The implications of these findings are encouraging in the sense that removal of eelgrass at several harvest levels did not significantly impact the re-growth and colonization of this site after harvesting, and recolonization through underground rhizome growth has occurred within several years in these modestsized eelgrass patches. However, it should be noted that these subplots are quite small (0.25 m 2 ) compared with the size of the potential zone of impact to eelgrass (i.e., the Marine Outfall Corridor and close surrounding area). The plot sizes were necessarily limited simply because the available eelgrass patches located in the Marine Outfall Corridor in 2004 were quite small (Grette Associates 2005 , Woodruff et al. 2006a . Within the coming year, several options will be considered for eelgrass mitigation, including removal of all of the eelgrass from the Marine Outfall Corridor prior to construction with subsequent stockpiling at the MSL, and then transplanting post-construction within the Corridor and surrounding areas as necessary. These plants would be supplemented by those currently held at the MSL. Finally, if plants are eventually needed from the donor site, the results of this study would indicate that plants removed from the donor site would be replaced relatively quickly through re-growth. If harvesting from the donor site does become necessary in the future, a harvest rate somewhat greater than 10 % might be acceptable, however due to the small size of these experimental harvest plots, a more definitive harvest rate could not be determined from this study. 
